In this paper we introduce new definitions of pairwise and multivariate similarity between short-run dynamics of inflation rates in terms of equality of forecast functions and show that in the context of invertible ARIMA processes the Autoregressive distance introduced by Piccolo (1990) is a useful measure to evaluate such similarity. Then, we study the similarity of shortrun inflation dynamics across EU-15 area countries during the Euro period. Consistent with studies on inflation differentials and inflation persistence, our findings suggest that after seven years from the launch of the Euro the degree of similarity of short-run inflation dynamics across EU countries is still weak. JEL Class.: C23, E31
Typically, current research steers attention towards the differential of inflation levels across EMU countries and to the asymptotic properties of their inflation series. However, the convergence of inflation rates towards lower and common levels is not sufficient to allow the ECB to take on a common monetary policy, avoiding nationalistic tensions and asymmetric regional effects. In fact, so long as national short-run inflation dynamics remain reciprocally dissimilar, the appropriate stance of monetary policy can differ across State members of the European System of Central Banks (Aksoy, De Grauwe and Dewachter 2002; Benigno 2004; Benigno and López-Salido 2006) .
On this point the evidence available is not encouraging. First, while a similarity in the sign of the price responses to monetary policy impulses clearly emerges (Mojon and Peersman 2001; Angeloni and Ehrmann 2004; Benigno and López-Salido 2006) , the magnitude of responses varies considerably across EMU countries. Second, the degree of inflation persistence in the Euro area (i.e., the speed of convergence of inflation rates towards some reference level after a shock) appears to be significantly different across countries, although it is moderately low on average and declining over time (Gadzinski and Orlandi 2004; Levin and Moessner 2005; Angeloni, Aucremanne and Ciccarelli 2006) .
In this paper we focus on the short-run inflation dynamics of EU countries after the introduction of the Euro by analysing the degree of dissimilarities of their data generating processes (DGPs). Specifically, in the context of univariate time series analysis we estimate ARIMA models for inflation rates of EU-15 area countries in the period [1999] [2000] [2001] [2002] [2003] [2004] [2005] [2006] . Therefore, for each pair of countries, we evaluate the dissimilarity between their inflation rate DGPs by using the autoregressive (AR) metric introduced by Piccolo (1989 Piccolo ( , 1990 , and test the hypothesis that dissimilarity between AR representations is statistically equal to zero. Finally, we cluster inflation series on the basis of the statistical significance of the dissimilarity test and estimated dynamics of EMU country inflation rates after the introduction of the Euro. See ECB (2003) and Hofman and Remsperger (2005) for overviews of causes and consequences of inflation differentials in the Euro area.
distances.
The rest of this paper proceeds as follows. In Section 2, we discuss why it matters to have similar short-run inflation dynamics in a currency area. In Section 3, first we provide a definition of similarity of short-run inflation dynamics in terms of equality of forecast functions and then present the notion of AR distance between two time series as a useful measure for such similarity. In Section 4, we outline the statistical test we use to assess the similarity of inflation dynamics. In Section 5, we present results on short-run inflation dynamics in and Euro area countries. Section 6 concludes.
2 Why study similarity of short-run inflation dynamics?
According to the Treaty on European Union and the Statute of the European System of Central Banks (ESCB), the primary objective of ECB's monetary policy is to maintain price stability in the Euro area. To this aim, the ECB has established that price stability is guaranteed if the yearly area-wide aggregate inflation rate (in terms of the Harmonised Index of Consumer Prices) is below, but close to, 2% over the medium term. Although ECB's monetary strategy explicitly ignores the short-run inflation dynamics of member countries, dissimilarities in the short-run dynamic properties of inflation series across Euro area countries might (i) make the aggregate Euro-wide price index worthless for short-run forecasting inflation rates of Euro area countries and (ii) give rise to a different dynamics of short-term real interest rate and affect diversely the optimal monetary policy of each ESCB State member.
In order that the aggregate Euro-wide price index summarizes the behaviour of its components and accurately informs monetary policy, members' inflation series have to share similar short-and long-run dynamic properties (Patell and Zeckauser 1990; Martín-Álvarez, CanoFernández and Cáceres-Hernández 1999) . Otherwise, the informative power of the aggregate index is weak and its use for policy decisions problematic. In particular, forecasts from Euro-wide models of inflation rates might become misleading and may be different and less accurate than forecasts built by pooling forecasts of country inflation rates (Marcellino, Stock and Watson 2003) .
Another reason why differentials of short-run inflation dynamics across Euro area countries matter is that they create potential conflicts within ECB in deciding the common monetary policy and affect the way in which it should be optimally conducted. In this spirit, Aksoy, De Grauwe and Dewachter (2002) analyze how decision procedures within the ECB's Governing Council influence the conduct of common monetary policy and members' welfare, where its propagation mechanisms on output and prices are dissimilar across State members. They show that when nationalistic perspectives prevail within the Governing Council at least partly, differences between the interest rate desired by each State member and the interest rate jointly indicated by the Council can arise, generating high welfare losses, mostly for small countries. In the presence of differentials of short-run inflation dynamics, shared preferences about inflation stabilization among national central bankers are therefore not enough to prevent country-specific positions concerning monetary policy and strained terms within ECB.
Besides nationalistic tensions, asymmetries in the degree of price stickiness across Euro area countries might also have an impact on the optimal monetary policy at the aggregate level.
This issue has been recently investigated by Benigno (2004) and Benigno and López-Salido (2006) in a two-region general equilibrium framework with monopolistic competition. In this framework, disparity in the degree of nominal rigidities and inflation dynamics between regions inefficiently affects the terms of trade and the allocation of resources following asymmetric shocks. To minimize distortions and deadweight losses the optimal inflation targeting rule should provide for weighing more the inflation rate of the country where nominal rigidities are stronger. However, such an inflation targeting rule adjusted for country price rigidities might generate destabilizing incentive problems by lowering the urges of sticky countries to introduce reforms aimed at cutting down their nominal rigidities.
Measuring similarities of inflation dynamics
Let us begin by introducing two new definitions of pairwise and multivariate similarity of shortrun inflation dynamics.
Definition 1 (Similarity of short-run inflation dynamics). Countries i and j have similar short-run inflation dynamics if they share the same forecast function, i.e., if inflation forecasts at a fixed time t and at step h, with h = 1, 2, . . . , ∞, are equal for the two countries:
Definition 2 (Similarity of multivariate short-run inflation dynamics) Countries z = 1, 2, . . . , n have similar short-run inflation dynamics if they share the same forecast function, i.e., if inflation forecasts at a fixed time t and at step h, with h = 1, 2, . . . , ∞, are equal for all z countries:
Definitions 1 and 2 extend to the short run the Bernard and Durlauf (1996) definitions of pairwise and multivariate convergence in terms of equality of long-run forecasts at a fixed time.
More exactly, when the series have identical initial values, the forecast functions of the two inflation series coincide in the short-as well as in the long-run. Instead, when past values of inflation differ, Definitions 1 and 2 only imply equality of long-run inflation forecast.
Obviously, to make these notions of similarity operational, it is necessary to refer to a forecasting method and to a measure of similarity between statistical time series models. In this paper, we restrict our analysis to the class of invertible ARIMA models. As recent research suggests, traditional univariate linear models show a good short-run forecasting performance for macroeconomic series, which is hardly improvable by more complex multivariate or nonlinear models (Meese and Geweke 1984; Canova 2002; Marcellino, Stock and Watson 2003) .
Moreover, the statistical literature provides a number of criteria for measuring similarities of univariate linear time series models on the basis of their dynamic properties 4 . In particular, a useful measure for evidencing similarity of data generating processes can be constructed from the autoregressive (AR) metric proposed by Piccolo (1989 Piccolo ( , 1990 .
The AR distance
Consider two mean-zero invertible ARIMA processes X i,t and X j,t . In accordance with the classical Box and Jenkins (1976) notation,
where B indicates the backward operator, = (1 − B), s represents the seasonality, s =
(1 − B s ), φ i (B) and θ i (B) are polynomials in B of order p i and q i respectively, Φ i (B) and Θ i (B)
are seasonal polynomials in B s of order P i and Q i , and finally a i,t is a Gaussian white noise process (of course, an analogous representation holds for X j,t ).
The AR distance is defined as the Euclidean distance between the sequences of the autoregressive coefficients of the pure AR(∞) representations of X i,t and X j,t , which is given 4 Statistical criteria to evaluate the similarity or dissimilarity between stochastic processes can be distinguished into two broad classes of (i) time-domain measures, which the AR metric belongs to (Thomson and De Souza 1985; Peña 1990; Piccolo 1990; Tong and Dabas 1990; Maharaj 2000 Maharaj , 1996 , and (ii) frequency-domain measures (Shumway and Unger 1974; Alagon (1989) ; Kakizawa, Shumway and Taniguchi 1998; Caiado, Crato and Peña 2006) . For a survey see Corduas (2003) and Caiado, Crato and Peña (2006) .
for X i,t (and analogously for X j,t ), where
Therefore, in symbols, the AR distance is
Since for invertible processes the coefficients of the AR(∞) representations converge,
is always a finite number and assumes value zero if and only if π i,k = π j,k for any k. Moreover, being defined upon the AR(∞) representation, the AR distance is robust to the quasi-cancellation of AR and MA operators and therefore it is not misled in the case of over-parametrization. Finally, contrary to other distances applied in time series analysis, such as the Mahalanobis distance used by Peña (1990) , the AR distance does not take into account the white noise variances of the ARIMA processes, which represents a scale factor that does not affect the ARIMA structure of the model.
Except for initial values, the sequence of π-weights fully specifies the dynamic structure of an invertible ARIMA model and thereby the corresponding forecast function. For example, the optimal one step ahead forecast of X i at time t − 1 is given by the expectations of X i,t conditional upon its past history,X
Therefore, for identical initial values, the AR distance between two processes is zero if and only if their forecast functions coincide (Piccolo 1990) . Where the forecasting method employed in the analysis of inflation rates is based on linear autoregressive models, similarity of shortrun inflation dynamics requires that d(X i,t , X j,t ) = 0, and similarity of multivariate short-run inflation dynamics that d(X i,t , X z,t ) = 0 for any i and any z = i.
Testing similarity of inflation DGPs
In this section we introduce two useful statistical tests to assess the pairwise similarity of short-run inflation dynamics.
The similarity test
On real data, an AR distance estimator can be obtained by considering finite versions truncated at lag L of the pure autoregressive representations of two estimated ARIMA processes:
For inferential purposes, some results are available on the asymptotic properties of the squared AR distance estimator between independent stochastic processes. In particular, for ARMA and ARIMA models based on Maximum Likelihood (ML) estimates, Piccolo (1989) and Corduas (1996) show that the sample distribution ofd 2 (X i,t , X j,t ) is a linear combination of independent chi-squared random variables, whereas Sarno (2001) shows a similar result in case of Least Squares estimates.
The rationale behind such proofs may be briefly summarised as follows 5 . Consider two independent processes that can be modelled as ARMA, X i,t and X j,t . Letθ z be the ML estimator of the ARMA parameters, for the property of invariance,π z = f (θ z ) is the ML estimate of the AR(∞) representation coefficients vector, for z = i, j. Hence, as the length of the time series increases, the asymptotic distribution isπ z ∼ M N (π z ,Σ z ), where Σ z indicates 5 For details, see the references cited above.
the covariance matrix. Since f (θ z ) is continuous, the covariance matrix Σ z can be analytically computed as Σ z = J zVz J z , whereV z is the estimated covariance matrix ofθ z and J z = ∂π z /∂θ z is the Jacobian matrix. Then, under the hypothesis
be estimated by 0.5(Σ i +Σ j ). Therefore, the estimated squared AR(∞) distance iŝ
where λ h , with h = 1, 2, . . . , r, are the positive eigenvalues ofΣ and r < p + q + P + Q.
The value identifying the critical region to reject H 0 at a level α can be obtained by implementing an exact procedure to elicit percentiles of a quadratic form in normal variables (Farebrother 1990 ). However, the analytical derivation of the matrix may be computationally cumbersome. To simplify the analysis, Corduas (1996) suggests that under H 0 the distribution ofd 2 (X i,t , X j,t ) can be approximated by a single chi-squared random variable with c degrees of
where parameters a, b and c are evaluated via method of moments estimation. More exactly, recalling that t r = 2 r tr(Σ r ), whereΣ represents the covariance matrix of the AR distance, we
As Corduas (1996) shows, approximate and exact critical regions are quite similar and both satisfactory in terms of significance and power far from the non-invertibility region. In this paper we use a test procedure based on the Corduas approximation and implemented in Ox programming 6 .
The Diebold-Mariano test
The independence between data generating processes involved by the similarity test is a quite demanding assumption in the case of inflation rate series of countries belonging to a currency area. To relax this assumption, we follow the strategy suggested by Otranto and Triacca (2002) .
First, they show that a necessary condition for d(X i,t , X j,t ) = 0 is the equal forecastability of Granger and Newbold (1976) , i.e.
Then, they propose to use a test procedure that compares the predictive accuracy of two different estimated models based on the Diebold and Mariano (1995) test statistic, which does not require the independence of the DGPs, by using as loss functions the quantities R 2 i and R 2 j . Formally, given two time series Y i,t and Y j,t , the h-step ahead forecast errors conditional upon the information set F t are given by {a i,T +h |F t } and {a j,T +h |F t } respectively. To determine whether the two models do not have a different forecasting accuracy, the null hypothesis to be tested is
Hence, the Diebold-Mariano test statistic is
A consistent estimator of the asymptotic variance of √ Tf is given bŷ
wheref is the average value of f t ,γ k = Cov(f t , f t−k ) and g is the Barlett lag window. Under the null, Diebold and Mariano (1995) show that S ∼ N (0, 1). 
Modelling short-run inflation dynamics
The first step of our empirical analysis was to remove the seasonal component from the inflation rate series. In this context, we have chosen to treat seasonality as a deterministic component of the series, and therefore we regressed inflation rates against 11 monthly dummy variables. In this way we can model the (de-seasoned) inflation rates without reducing the number of sample observations.
The second step was to assess the degree of integration of our seasonally adjusted series. For this purpose, for robustness, we used four different unit root tests. The standard Augmented Dickey-Fuller test (hereafter ADF) was employed as a benchmark for evaluating the stationarity of inflation rates. The ADF was carried out for two specifications, with and without a constant term 7 (in Table 1 , ADF c and ADF nc respectively). Following Hall (1994) , the number of lags was selected according to a general-to-specific approach.
The third test we used is the Elliott, Rothenberg and Stock (1996) efficient DFGLS test for an autoregressive unit root. This test is similar to the ADF test, but reveals best performance and higher power in small samples. Once again, Hall's generic-to-specific approach was used for the lag selection.
Finally, we applied the KPSS test (Kwiatkovski, Phillips, Schmidt and Shin 1992) . This is a nonparametric test in which the null hypothesis is the stationarity of the time series. The KPSS test statistic has a non-standard asymptotic distribution; it was computed without including a time trend in the estimated average value of inflation rates and by using 16 lags 8 .
In Table 1 Once it was checked the stationarity of seasonally adjusted inflation series, the third step of our analysis was estimation of ARMA models for EU-15 area countries and the Euro-wide inflation rate. By using adjusted inflation rates for seasonality, we avoid the risk of estimating overdifferentiated time series and we can also assume that inflation rates follow a stationary ARMA(p,q) model. Hence, equation (1) reduces to the form
The lag selection was carried out by minimising the Hannan and Quinn (1979) information criterion. Since the AR(∞) representation does not admit for the constant term in the model estimation (Piccolo 1990) , we use the deviations of inflation rates from their average values.
8 The outcome of the KPSS test does not change when the number of lags is augmented to take autocorrelations of higher order into account.
For each country, Table 2 reports the estimated ARMA models, the log-likelihood, the number of the estimated parameters and the values of the Bayesian Information Criterion (BIC) and the Hannan-Quinn Information Criterion (HQC). It can be worthwile to note that, in spite of the seasonal adjustment, the models selected for Belgium, Denmark, the Netherlands and Sweden require high number of lags in the MA component.
AR distances and pairwise similarity of short-run inflation dynamics
For each estimated ARMA model, we derive the AR(L) representation, with L = 200, and compute the AR distance for each pair of series considered. Table 3 reports the values of estimated AR distances, while Table 4 displays the results of the similarity test based on d 2 (X i,t , X j,t ) and the Diebold-Mariano test.
On the whole, our results show the presence of a high degree of dissimilarity of inflation dynamics among EU countries. Assuming a critical region at level 0.05 (0.1), for only 20 (11) pairs of comparisons out of 120 the similarity test indicates that the structural dynamics of short-run inflation rates are not significantly dissimilar.
When we limit our attention to the twelve Euro area countries, the number of cases in which the null of zero AR distance is accepted drastically reduces to 12 (5). The AR distance calculated between Greece and Italy is the lowest (0.14), while it assumes the largest values for the pairs France-Luxembourg (1.03), Austria-Spain (0.96) and Luxembourg-Spain (0.95). 
Multivariate similarity of short-run inflation dynamics
Typically, AR distance has been used as a criterion for clustering time series by standard algorithms (Piccolo 1990 ). However, the strategy of clustering time series from the estimated AR distances has two major weaknesses. First, in this way we waste the valuable information arising from the inferential analysis on the squared AR distance. Secondly, the sample distribution ofd 2 (X i,t , X j,t ) depends on the parameter space, showing an increasing mean and variance as one gets closer to non-invertibility regions. Therefore, making comparisons between estimated distances, corresponding to different points of the parameter space, can be misleading (Sarno and Zazzaro 2002) .
In this paper, we use two alternative grouping procedures. First, we group countries on the basis of the density properties of a graph built on the statistical significance of the pairwise similarity tests. Second, after making distances commensurable by discounting their squares with the corresponding standard errors SE(d 2 ), as an inverse measure of the estimates' precision, we execute a traditional cluster analysis upon these quantities.
A. Graph analysis
Consistent with Definition 2, we can group short-run inflation dynamics of EU countries on the basis of the similarity test ond 2 (X i,t , X j,t ). In particular, following graph theory, from a pairwise distance matrix ∆ we can build up an adjacency matrix A = {a ij } where
Therefore, from A we can derive the graph G, where each node represents a country and connecting lines (edges) between nodes designate short-run inflation dynamics that are not significantly dissimilar 9 .
When the number of comparisons is large, a graph is a powerful tool to investigate and visualize a number of interesting properties that either unite or separate inflation rate DGPs.
In particular, we can elicit: (i) the number of countries with which a country i shares the same 9 This grouping procedure was introduced by Sarno (2005) . In a similar vein, Maharaj (1996 Maharaj ( , 2000 suggests to use a standard hierarchical clustering procedure based on the p-values associated with a test on the equality of the autoregressive parameters. The advantage of following the Maharaj's procedure is that one can get a perfect partition of the EU countries' inflation dynamics. Once again, however, in this way we would lose valuable information, failing to highlight all the inflation dynamics that are reciprocally statistically non-dissimilar, albeit with a slightly lower p-value.
DGP, that is, in graph theory terminology, the degree of a vertex 10 , (ii) the number, size and composition of country subsets for which every pair of countries shares the same inflation DGP, that is the size and composition of cliques 11 , (iii) size and composition of the country subset for which each element has a different inflation DGP, that is, the size and composition of the independent set 12 .
Obviously, both cliques and the independent set depend on the choice of the significance level for the dissimilarity test. In Figure 2 , we report four graphs. Panels A and B include the short-run inflation dynamics is statistically dissimilar. Among these countries, Luxembourg 10 According to graph theory, the degree of a vertex is the number of edges which it is incident with.
11 According to graph theory, a clique of a graph G is a sub-graph of G whose vertices are pairwise adjacent, that is, incident to a common edge.
12 According to graph theory, an independent set of graph G is a subset of vertices such that no two vertices in the subset are adjacent. 
B. Cluster analysis
As the similarity test does not satisfy transitivity, the approach based on graph theory does not allow us to get a partition of the short run-inflation dynamics. For this purpose, we also run a traditional cluster analysis by the hierarchical complete linkage method. However, in order to make AR distances commensurable, we implement the cluster method on the estimated squared distances discounted by their standard error. 
Conclusions
The purpose of this paper is to assess the degree of similarity of short-run dynamic properties of inflation rates among EU-15 area countries after the introduction of the Euro in 1999. The question is of primary importance to the design of a common monetary policy in a currency area. For example, similarity of short-run inflation dynamics is required to forecast the impact of European Central Bank (ECB) monetary policy at country level starting from the aggregate Euro-wide price index. Moreover, it reduces potential nationalist tensions within ECB concerning optimal monetary policy.
In this paper, we introduced two definitions of pairwise and multivariate similarity of inflation rates in terms of forecast functions. We then used AR distance (Piccolo 1990 ) to measure the pairwise similarity of short-run inflation dynamics. Finally, on the basis of inferential analysis conducted on the estimated AR distances, we appraised the multivariate similarity of inflation DGPs among EU countries by means of graph and cluster methods.
On the whole, consistent with studies on inflation differentials and inflation persistence, our findings suggest that after seven years from the launch of the Euro the degree of similarity of short-run inflation dynamics among EU countries is still weak. Within this picture, however, we were able to elicit two groups of countries (namely, France-Greece-Italy and Austria-BelgiumFinland-Germany-Portugal) whose own inflation DGPs showed a statistically similar behaviour. Elliott, Rothenberg and Stock (1996) , are: 1% 5% 10% -2.5873 -1.9434 -1.6175
Appendix: Tables and Figures
The critical values for the KPSS test without trend, provided by Kwiatkovski, Phillips, Schmidt and Shin (1992) Notes: Values highlighted in bold correspond to pairs for which the similarity test returns p-values higher than 0.01 (see Table 4 ). 
